The addition ofprotamine, ofboth human and animal origin, to cultures of epithelial and fibroblastic cells has demonstrated that this component of sperm proteins may be capable of bringing about neoplastic transformation in vitro.
Introduction
In the early 1970s a series of experiments using calf thymus histones showed that the basic proteins were capable of inducing malignant transformation in BHK 21 cells in vitro' -. This was accompanied by a marked increase in invasiveness which was reproducible in vitro2. Other work has demonstrated that these basic proteins, histones and protamines, have a high affinity for DNA4 and, when added to cells in culture, cause inhibition of respiration5, arrest of protein synthesis6, enhanced uptake of RNA7 and of albumin8, and a reduction in DNA synthesis9.
One of the richest sources of histone and protamines is spermatozoa, where their major function appears to be to maintain the sperm head DNA in a compact, stable and transportable form'0. In human sperm the DNA is locked in a sponge-like matrix of chromatin threads composed of arginine-rich proteins. This matrix transports the DNA in a highly 'protected' state. In 1976 Reid" proposed that basic proteins from human sperm, when released onto the cervix, could alter the epithelial and subepithelial cells in such a way as to induce a possible neoplastic transformation. Supportive of this idea is the work of Phillips et al.'2, who demonstrated that salmon sperm protamine had the capacity to enhance colon neoplasia. 
Materials and methods
Extraction and purification ofproteins from human sperm Single ejaculates of human semen were washed, pooled and extracted as described previously'3. Briefly, this method involved lysis of the sperm head with fi-mercaptoethanol in borate-guanidium buffer (pH 9) followed by the addition of ethylenimine, a reducing agent, to the resulting DNA gel. The DNA was then precipitated using absolute ethanol, and the basic proteins were precipitated from the ethanol supernatant with cold acetone. The proteins were separated into two fractions on the basis ofmolecular weight with Bio-Gel P6 column chromatography. The fraction containing proteins smaller than 10 kDa was designated the protamine-like fraction ( Figure  1) . A commercial preparation of protamine sulphate from salmon sperm (Sigma) was also used in these experiments, in order to compare our results with those of Phillips et al. 2 An amino acid analysis of the protamine preparations was carried out as described previously 3.
Cell culture Explant cultures of cervical epithelium from hysterectomy-derived tissue were cultured on collagen-coated glass coverslips in RPMI 1640 containing 20% (v/v) fetal calf serum, glutamine, penicillin and streptomycin, in 35 mm2 petri dishes at 37°C and 5% CO2. After five days in culture, the confluent epithelial sheet was exposed to the protein preparations. Time-lapse cinemicroscopy was used to monitor the effect ofthe proteins on these cultures. In each case the cells were filmed for three hours at an interval of 1 frame/7 seconds before the control medium was substituted for medium containing the proteins to be tested. Films were analysed by plotting movements ofthe cell membranes relative to the field of view.
BHK 21 cell cultures were grown to semiconfluency on glass coverslips in the same cell culture medium prior to exposure of the cells to the protein preparations.
For analysis of cell morphology, the cultures were fixed in 1% (w/v) paraformaldehyde in phosphatebuffered saline, pH 7.4, for 1 hour at 22°-C and stained with haematoxylin and eosin.
Uptake of thymidine BHK 21 cells in 96-well cell culture plates at an initial concentration of 1i0 cells/well were exposed to basic proteins in the presence of 3H-thymidine for 24 hours at 37°C. The cells were harvested on an automatic cell harvester and the DNA precipitated onto filter-paper discs with 5% (w/v) trichloroacetic acid. The discs.
were transferred to scintillant and counted for 1 minute.
Results
A typical polyacrylamide electrophoretic pattern of extracted human sperm proteins is shown in Figure 1 . Amino acid analysis of the protein preparations confirmed that the two protamine preparations used are arginine-rich, a characteristic of this group of proteins (Table 1 ). Both types of protamine are of similar size, consisting of 187 (salmon) and 188 (human) amino acid residues respectively. Addition ofhuman sperm protamine to cell cultures brought about marked morphological changes to both types of target cells. Both cell types exhibited a large increase in the number of cell surface projections (microspikes) on their cell surfaces (Figures 2  and 3 ). In the case of BHK 21 cells, the percentage of the cell surface covered in microspikes was strongly correlated with the amount of protamine added to the culture medium. Human sperm protamine, in particular, was capable of producing this effect ( Figure 4 ). A different type of analysis was required for the examination of the effect of addition of various protein preparations to confluent sheets of epithelial cells. In this case, time-lapse cinemicroscopy was used to monitor the effect on cell-substrate and cellcell adhesion. It can be seen from Figure 5 that the addition of human sperm protamine to the culture medium causes cervix epithelial cells to detach from the extracellular collagen matrix, whereas the addition ofhuman sperm histones has little effect.
In order to ascertain whether there was a corresponding metabolic effect in addition to the morphological alterations described above, the uptake of 3H-thymidine was monitored. It was found that the protamine preparations significantly increase the uptake of 3H-thymidine (Table 2) . 
Discussion
The effects of the addition of protamines to cultures of cells described above correlate with many of the morphological neoplastic transformation markers previously described"4. In particular, the appearance of large numbers of microspikes correlates well with the appearance of many types of cancer cell lines".
In addition, loss of adhesion for the substrate and reduced cell-cell contact are also characteristics of neoplastic transformation. From the data on the uptake of 3H-thymidine, it can be seen that the addition of these proteins to the culture medium also markedly increases DNA synthesis in BHK 21 cells.
It is clear from these results that protamine-like proteins in particular are potential carcinogens. Protamines have also been implicated in causing or enhancing cloacogenic or squamous carcinomas of both the anus and the cervix'2" 16 -8 . Earlier studies have shown that the amount of protamine in sperm varies between individual males'9, giving rise to the speculation that there may exist in the community males who are more likely to be potential carriers of these carcinogenic proteins20. 
